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Nonionic detergent-soluble (NIDS) proteins from hu-
Ulan stratum corneum have been prepared by the com-
bined action of detergent and mechanical stimulation of 
normal human skin. SDS-polyacrylamide gel electropho-
resis studies revealed approximately 15 components fall-
ing into the molecular weight ranges of 10,000-15,000, 
24,000-37,000, and 44,000-68,000. Immunization of rab-
bits with this material gave antisera which demon-
strated 3 or 4 antigenic components using 2-dimensional 
immunoelectrophoresis. Studies with I2GI-Iabeled NIDS 
protein indicated that the main precipitate on 2-dimen-
sional immunoelectrophoresis was associated with SDS-
polyacrylamide gel components of molecular weight 
15,000 and 30,000. Indirect immunofluorescence studies 
on human skin sections revealed localization of NIDS 
protein antigens throughout the suprabasal epidermis 
but concentrated in the stratum granulosum and stratum 
corneum. Localization studies using strips of stratum 
corneum obtained by the skin surface biopsy technique 
revealed a pericellular type of distribution of the NIDS 
protein antigens. 
The intercellular region of the stratum corneum and the 
corneocyte cell surface are of great interest as they are inti-
mately involved in normal desquamation and may be of signif-
icance in disease processes such as ichthyosis. Despite its ob-
v ious importance, little effort has been made to characterize 
the proteins of this region. Some information about its lipid 
content has been obtained [1]. The presence of ruthenium red-
positive material has also been demonstrated [2], while Hay-
ward and Hackman [3] have identified a carbohydrate contain-
ing material presumed to be glycoprotein. In addition, intercel-
lular fixation of autoantibodies has been demonstrated in the 
parakeratotic stratum corneum of psoriatic lesions [4]. 
Previous studies [5] have demonstrated that mechanical 
stimulation (e.g., scrubbing with a rough implement such as a 
brush) causes release of many corneocytes from the skin sur-
face. These corneocytes are intact and are indistinguishable 
electron microscopically from those seen in normal tissue sec-
tions [6]. The presence of Triton X-lOO, a nonionic detergent, 
is necessary for the loss of corneocytes and may be solubilizing 
protein components important in cell-to-cell adhesion. We re-
port here the preparation of nonionic detergent-soluble (NIDS) 
protein from normal human stratum corneum using this pro-
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Abbreviations: 
Cu: "scrubbed cells" 
C,,: "scraped cells" 
FCA: Freund's complete adjuvant 
FIA: Freund's incomplete adjuvant 
NIDS: non ionic detergent-soluble 
PBS: phosphate-buffered saline 
SDS-PAGE: sod ium dodecyl sulfate-polyacrylamide gel electro-
phoresis 
cedure. Material so obtained has been analyzed by polyacryl-
amide gel electrophoresis. Antibodies to NIDS protein have 
also been raised in rabbits and the localization of these anti-
bodies in tissue sections demonstrated using an immunofluo-
rescence technique. 
MATERIALS AND METHODS 
Preparation of NIDS Protein 
The same pool of 10-12 volunteers, who had given their informed 
consent, was used for each new prep81·ation of material. The following 
regime was adhered to in order to minimize bact<!rial contamination of 
the sample and subsequent degradation due to bacterial or enzyme 
action. The forearm skin was flrst washed gently with soap and water, 
wiped with tissue soaked in chlorheKidine gluconate (1 in 1000), fol-
lowed by 70% isopropyl-alcohol swabs. The flexor aspects of the fore-
81·ms were then vigorously scrubbed for 5-10 min in a dish containing 
100 ml sterile 0.1% Triton X-100 0.05 M phosphate buffer, pH 7.2. 
Medium-h81·d nylon toothbrushes were used for scrubbing. The cell 
suspension obtained was centrifuged at 2000 g for 20 min and the 
supernatants containing NIDS protein were pooled. The enzyme inhib-
itor phenylmethyl sulfonyl fluoride was added to the pooled superna-
tant to a flnal concentration of 0.2 mM before concentrating the super-
natants by vacuum dialysis against 0.025 M Tris/0. 192 M glycine con-
taining 0.1% sodium dodecyl sulphate (SDS) or Triton X-100 unless 
otherwise stated, and 0.1% sodium azide. After concentration the NIDS 
protein solution was centrifuged at 2000 g for 20 min and the superna-
tant stored in aliquots at -20°C until used for immunization. The 
protein concentration was estimated by a Lowry assay modified for the 
presence of Triton X-100 [7,8]. 
Preparation of Corneocyles 
The corneocytes were collected as above, washed in 0.1% T ri ton X-
100 in 0.05 M phosphate buffer and used immediately for immunization. 
This prep81·ation is termed "scrubbed ceLIs" (CB). 
Corneocytes were also collected from the skin sm-face of the forearm 
by scraping. The skin surface was cleaned as above, any hairs present 
being fu·st removed by gentle "dry shaving" with a scalpel. The skin 
sm-face was then flrmly scraped with a sterile scalpel to remove the 
cells. These were collected, weighed, and mixed with adjuvant for 
immunization. This preparation is termed "scraped ce LIs" (C,,). 
Immunization Schedule 
ix New Zealand white rabbits were used, 2 for each immunogen. 
Subcutaneous injections with Freund' complete adjuvant (FCA) were 
given, fo llowed 2 and 4 weeks later by subcutaneous injections with 
Freund's incomplete adjuvant (FIA) , then monthly for a fm-ther 2 
month with FlA. The rabbits were bled fTom the marginal e81· vein 5, 
9, and 13 weeks a fter immunization commenced. 
Each rabbit immunized with NIDS protein received approximately 
1-4 mg protein at each immunization; those immunized with Cs re-
ceived approximately 3-8 x 107 cells and those immunized with C,. 
received 10-20 mg per immunization. 
Absorption of Antisera 
Antisera were complement-inactivated by heating for 30 min at 56°C, 
then 1-ml portions were absorbed 4 times with 0.2 Illl washed packed 
human erythrocytes [9]. Finally the sera were absorbed with normal 
human serum insolubilized by cross- linking with glutru·aldehyde [10]. 
IlIu/l.lI.ll.odiffus':on an.d Immunoelectrophoresis 
Immunodiffusion was performed on modified Ouchterlony plates 
containing 1 0 agar in phosphate-buffered saline (PBS), 0.1% SDS, and 
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0.5% Triton X-100 [11]. Crossed and rocket immunoelectrophoresis was 
performed according to Clarke and Freeman [12] and La Ul'ell [1.3], 
respectively, as desnibed by Bjerru m and Bog-Hansen [14) using 1% 
agarose (Type 1, S igma) in 0.1 M glycine, 0.038 M T ris, and 1.0% T ri ton 
X-IOO. Both immunodiffusion and electrophoresis gels were washed in 
PBS, pressed, dried and stained with 0.25% Coomassie Brilliant Blue 
R250 (BDH Chemicals) in methanol:water:acetic ac id solu t ion 
(45:45:10) . Destaining was performed with the same solvent mixtUl·e. 
Iodination of NIDS Protein 
NIDS protein was iodinated with 12"1 using the Iodogen method 
[15]. T he ioilinated material was then mixed with unlabeled NIDS 
protein and subjected to 2-dimensional immunoelectrophoresis. After 
washing, fixing, and staining as described above, autoradiogra phs were 
prepared. T he agarose gel corresponding to the rad ioactive a rcs were 
removed and extracted for 16 hr at 37°C with 0.05 M Tris/H CI buffer , 
pH 8.0, containing 2% SDS and 1% mercaptoethanol. ALiquots of the 
extracted material together with unlabeled NIDS protein were then 
analyzed by SDS-polyacrylamide gel electroph oresis (SDS-PAGE) (see 
below) . After fixation and staining, individual components were s liced 
from the gel and the radioactivity estimated using a gamma coun ter. 
Immunofluorescence S tudies 
Five-micron frozen sections from biopsies of normal human skin 
frozen in hexane cooled to -70°C were used. Sections were washed 
twice in 0.14 M NaCI in 0.01 M phosphate buffer, pH 7.2, for 15 min and 
aiT dried. T he anbseru m obta ined fTom the rabbits as described above 
was then applied in 2-fold dilu tions up to 1/ 1680 for indu'ect immuno-
flu orescence examination for 30 min at 37°C, fo llowed by 3 X 10 min 
washes. Preimmune serum, normal rabbi t serum, and PBS were used 
on skin seciions for control experiments. After air dry ing, F ITC-labeled 
sheep antil'8bbit IgG (F /1' molar ratio 4.25) was then applied to test 
and control treated sections at 1/30 dilution for 30 min at 37°C fo llowed 
by washing, drying, and mounting in 90% glycerol. Skin sur face biopsies 
(consisting of strips of stratum corneum) were removed using the 
technique of Marks and Dawber [16]. Specimens were then subjected 
to the same procedure as described above for frozen sections. Sections 
and skin surface biopsies were examined under a Zeiss RA flu orescence 
microscope with an epifluorescence attachment, HBO mercuJ'Y vapor 
lamp, UG5 + BG 12 exciter filters, FT4 60 beam spli tter, and LP478 
barrier ftIter. P hotographs were taken using Kodak E ktachrome color 
reversal film 160 ASA (tungsten ) with exposures of 15 or 30 sec. 
SDS-PolyacrylamicLe Gel Electrophoresis 
Since Triton X-lOO complexes with the Bromophenol Blue tracking 
dye used in 8DS-PAGE and is also thought to retard some of the more 
rapidly moving components of a prote in mixture [17], it was necessary 
·A B c 
FIG L Rocket im munoelectrophorebis of NIDS protein from human 
stratum corneum. Ten mic!'oli ters of 3 separate preparations of NIDS 
protein (labeled A, B, C) were loaded neat, at 1 in 2 and 1. in 4 dilu t ions 
into the ant igen wells. T he samples were run for 18 hr at 100 V into a 
gel. containing H% anti-NIDS protein serum previously absorbed wi th 
cross-Linked normal huma n serum proteins and red blood cells. 
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to remove this detergent from t he NIDS protein samples before elec-
trophoresis. Samples were therefore freeze-dried and extract.ed wi th 
acetone. For electrophoresis, tubular gels consisting of a n upper stack-
ing gel conta ining 5% acrylamide, 0.1.3% bisacrylamide, 0. 1% SDS in 
0. J25 M T ris/HCI pH 6.8, and a lower separating gel conta ining 12.5% 
acryla mide, 0.1% bisacrylamide, 0.1% SDS in 0.3 M Tris/HCI pH 8.7 
were prepared. P rote in samples were loaded in 50-J50 f.Lg portions a fte r 
heating at 100°C for 5 min in 0.05 M Tris/H CI pH 6.8 containing a final 
concent:m tion of 2% SDS, 5% sucrose, and 0.01 % Bromophenol Blue. 
A constant voltage of 40 V was applied for 4-4 !fl hr until the tracking 
dye was a bout 0.5 em from the end . The gels were fixed overnigh t in 
12% TCA a nd then stained in 0.1% Coomassie B rilliant Blue 
in methanol:water:aceLic acid (50:50:10) and dest.a ined in 
methanol:water:acetic acid (50:875:75). 
RESULTS 
Yield of NIDS Protein 
After concentration by vacuum dialysis the amount of protein 
obtained from 12 volunteers ranged fTom 2-8 mg. This corre-
a 1 b ~<~ __ < 
FIG 2. Two-dimensional immunoelectrophoresis of NIDS protein 
from human stratum cO l'l1eum. a, Ten microli ters of NIDS proLein was 
loaded and run in the 1st dimension for 1 hI' at 300 V and then in the 
2nd dimension for 18 hr at 100 V in to a gel containing 2% anti-NIDS 
protein serum absorbed with cross- linked norma l human seru m a nd red 
blood cells. b, Autoradiograph prepared [rom gel used to a nalyze 12"1_ 
labeled NIDS protein. Condi tions of electrophoresis as in (a). 
B 
FIG 3. Rocket immunoe lectrophoresis of Tris, Tris/m ea a nd Tris/ 
urea/mercaptoethanol extrac ts of scraped corneocytes. T en microliters 
of each sample were loaded in to the wells: A, normal huma n serum; B, 
Tris/urea/mercaptoethanol extract.; C, Tris/urea extract; D, Tris-H CI 
extract,; E, NIDS protein at 1 in 4 di lution; F, NIDS protein aL 1 in 2 
dilu t ion. The condit ions under which electrophoresis was performed 
are as described for Fig 1. 
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FIG 4. Indirect. immllllotlllorescence staining of sections of normal human skin with anti-NIDS protein serum. Cryostat sections of normal 
human skin were treated with dilu tions of anti-NID protein serum at (a) 1 in 50, (b) 1 in 200, (c) 1 in 1680 dilution followed by incubation with 
FITC-labeled sheep antirabbit IgG . d, Control experiment using normal rabbit serum at I in 20 followed by FITC-labeled sheep antirabbit IgG . 
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sponds to an approximate yield of 0.5-2 tJ.g/cm' skin surface 
area. 
Immunodiffusion and Immunoelectrophoresis 
Ouchterlony plates revealed 2 main precipitin lines between 
NIDS protein and anti-NIDS protein serum. Anti-Cs serum 
gave 1 major and 1 minor precipitin line but not against SDS-
mercaptoethanol-solubilized scraped corneocytes. Anti-Cp se-
rum showed 2 lines against NIDS protein with indications of 
another minor component cross-reacting with both SDS-mer-
captoethanol-solubilized scrubbed and scraped corneocytes. 
Absorption of anti-NIDS serum with normal human serum 
led to the disappearance of a minor arc. This indicated that 
some component of normal human serum is present in the 
NIDS protein preparation. Rocket immunoelectrophoresis of 
NIDS protein into anti-NIDS protein serum containing gel 
revealed 1 major and 3 fainter minor arcs (Fig 1). 
Fig 2a demonstrates the pattern seen when 2-dimensional 
immunoelectrophoresis is performed between NIDS protein 
and anti-NIDS protein serum. Fig 2b is an autoradiograph 
prepared after 12r.I_labeled NIDS protein had been analyzed by 
2-dimensional immunoelectrophoresis. The most radioactive 
arc corresponds to that which is most intensely stained in Fig 
2a. 
Control immunodiffusion and immunoelectrophoresis exper-
iments with "preimmune" sera were negative. Tris/HCI, Tris/ 
urea, and Tris/urea/mercaptoethanol extractions [18] of 
scrubbed and scraped corneocytes were also studied as a com-
parison. The Tris/urea and Tris/urea/mercaptoethanol ex-
tracts were negative but 2 faint arcs were seen with the Tris/ 
HCI extract of Cp (Fig. 3). 
Indirect Immunofluorescence Experiments 
The indirect immunofluorescence staining of sections of nor-
mal human skin with absorbed anti-NIDS protein serum is 
shown in Fig 4. 
The anti-NIDS protein serum was positive in the stratum 
corneum down to 1/1680 dilution and showed bright patchy 
fluorescence. The lower stratum corneum region and granular 
layer often stained more strongly than the upper stratum cor-
neum. Cellular fluorescence to a lower titer (1/200) of the 
malpighian layer was also seen. The basal layer became sharply 
negative after 1/50 dilution. Control experiments with preim-
mune serum at 1 in 20 followed by FITC-Iabeled sheep anti-
rabbit IgG were negative. 
The anti-Cs serum showed a similar pattern of staining to 
that with anti-NIDS protein. There was staining of the stratum 
corneum (to 1/600) l}nd malpighian layers (to 1/200). The basal 
layer was negative after 1/80 dilution. 
The anti-Cp serum again showed staining of the stratum 
corneum (to 1/1280) and of the malpighiari layer (to 1/160). 
Some of the supra basal cells showed particularly strong peri-
cellular fluorescence and, as with the anti-NIDS protein serum, 
the granular layer and lower stratum corneum often stained 
more strongly than the upper stratum corneum. All controls 
using normal rabbit serum and "preimmune" serum were neg-
ative at dilutions of gl'eater than 1/20, and saline controls were 
negative throughout. 
The indirect immunofluorescence staining observed with 
stratum corneum of the skin surface biopsies is shown in Fig 5 . 
. Individual corneocytes were positive down to 1 in 160 dilution . 
Control experiments with normal rabbit serum at 1 in 5 dilution 
or saline followed by FITC-labeled sheep antirabbit IgG were 
negative. 
SDS·Polyacrylamide Gel Electrophoresis 
Analysis of NIDS protein by SDS-PAGE revealed a wide 
range of polypeptides (Fig 6) whose molecular weight (MW) 
ranged from 10,000 to 80,000. After 1% mercaptoethanol treat-
ment the pattern of bands was altered, indicating the presence 
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of some disulphide bonds in the material. Generally speaking, 
the polypeptides can be categorized into 3 groups: (1) a group 
of 5 components (MW range 44,000-68,000), (2) a middle group 
of 5 components (MW range 24,000-37,000), (3) a fast-running 
group of 4 polypeptides (MW range 10,000-15,000). 
The distribution of radioactivity recorded when the main arc 
from 2-dimensional immunoelectrophoresis was analyzed by 
SDS-PAGE is indicated in Fig 7. It is apparent that this arc is 
associated mainly with an SDS-PAGE component of moleculru' 
weight 15,000. A second and lesseI' component of moleculru' 
weight 30,000 is also apparent. The specific activity of the other 
arcs present was too low to permit identification on SDS-PAGE. 
DISCUSSION 
Most work centered around the experimental production of 
antiepidermal serum has concentrated on the production of 
antiserum to the cell surfaces of viable epidermal cells [9,19-
FIG 5. Indirect immunofluorescence staining of skin sw'face biopsies 
with anti-NIDS protein serum. a., Skin surface biopsy treated with anti-
NIDS protein serum (1 in 10) followed by FITC-labeled sheep anti-
rabbit IgG. b, Skin surface biopsy treated with normal rabbit serulll (1 
in 10) followed by FITC-labeled sheep antirabbit IgG. 
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23], although Grob and Inderbi tzen [24] prepared water -insol-
uble epithelial antigen from rabbit esophagus powder. P ro-
ch azka Fisher [25] prepal"ed soluble extracts of human epider -
mis a nd its horny derivatives and raised a total antiepidermal 
serum to a pool of all these extracts. The a nt iepidermal cell 
s W'face sera mentioned a bove appeared in ma ny cases to give 
a n immunofluorescent-staining pat tern similar to that seen with 
p emphigus antiserum. That of Grob and Inderbitzen [24] some-
t imes showed a similar pattern, al though in some instances only 
the basal layer stained. This study has concen trated on the 
a n t igenic and biochemical natw-e of the non ionic detergent-
soluble proteins of the stratum corneum. 
An tiser a ra ised to the NIDS proteins revealed intense patchy 
fluorescence staining in the str a tum corneum and granular layer 
and also to a lesser extent in the viable epidermal layer . In 
contrast, the a ntiepidermal serum of T akegawa and Imamura 
[21] showed a lower end titer in the horny layer than in the 
via ble layer . The ant iserum of Lloyd and D arnule [9] gave 
predominant staining in the basal layer; occasionally it was t he 
only positively staining layer. In this study th e basal layer was 
t he fi.rst to loose fluorescence with ant i-NIDS protein serum. 
The an t i-CIJ and an ti-Cp sera gave similar cytoplasmic flu o-
rescence of the viable epidermis and stratum corneum to the 
NIDS antiserwn with lower ti ters in t he malpighian layer . 
E xamination of skin surface biopsies by scanning electron 
microscopy [16] has indicated that the plane of dehiscence is 
in tercorneal . At no time are fragmented corneocytes seen. Thus 
t he posit ive flu orescence of individual corneocytes in skin sur-
face biopsies most proba bly indicates that an ti-NIDS protein 
serum is in palt directed toward t he sw-face of the corneocyte. 
The lower end t iter of ant iserum with this technique is probably 
FIG 6. SDS·PAGE ofNIDS protein. NIDS protein (A). NIDS pro-
tein after treatment wi th 1% mercaptoethanol (B ). Molecular weight 
s tandards ( C ): bovine serum albumin, 66,000; ovalbumin, 45,000; tryp-
s inogen, 24,000; lysozyme, 14,300. 
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FIG 7. Analysis of major ant igenic component by SDS-PAGE. 12" 1_ 
labeled NIDS protein was analyzed by 2-dimensional immunoelectro-
phoresis. T he major arc was solubilized and ana lyzed by SDS-PAGE. 
Individual stained protein bands were sliced from the gel and the 12"1 
activity estimated. 
due to diffe rences in substrate preparation or to different anti-
gens being presented to the antiserum or to viewing of the 
substrate from a differ ent plane, or combinations of these. 
Immunodiffusion assays reveal 2 main ant igenic components 
of NIDS proteins whereas up to 4 components can be seen with 
rocket immunoeletrophoresis. It can be seen from the polyacryl-
amide gel electrophoresis of NIDS proteins that many bands 
are r elatively faint and a dilu t ion effect may be masking further 
interactions on Ouchterlony plates. (Work is at presen t under 
way to investigate fw-ther the relative an tigenicities of each of 
the components of NIDS proteins. ) The lack of precipitates on 
Ouch terlony plates between solubilized CB or Cp and ant i-CB or 
an t i-Cp sera, respectively, compared with their positive ind irect 
in1munofluorescence finding may be due to a dilution of the 
antigenic components by th e total cellular contents solubilized. 
When Tl'is/ HCI, TJ'is/ urea, and Tris/ w-ea/ mercap toethanol 
extracts are tested against ant i-NIDS serum by rocket immu-
noelectrophoresis, 2 small ar cs appear with the Tris/ HCI ex-
t racts only, suggesting the lack of keratin ant ibodies in the anti-
NIDS serum. 
It is possible that some form of soluble keratin may be 
extracted with the NIDS protein. When gels of NIDS protein 
a nd various keratin extracts are compar ed (unpublished obser-
vations), som e of the highest-molecular-weigh t bands comigrate 
with the keratins. Mercaptoethanol treatment of NIDS protein 
before SD S-PAGE (Fig. 5) does suggest the presence of disul-
phide linkages. However, as a lready mentioned no cross-reac-
tivity is seen by rocket immunoelectrophoresis between anti-
NIDS serum and th e Tris/ w-ea/ mercaptoeth anol extracts of 
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Cpo Neither does absorption of anti-NIDS serum with the Tris/ 
urea/mercaptoethanol extract alter the immunoelectrophoretic 
findings. 
In conclusion , a nonionic detergen t-soluble protein fraction 
has been prepared from the stratum corneum which may be 
important in ceU-to-ceU adhesion. SDS-PAGE a nalysis ofNIDS 
protein shows that it is a mixture of several components. A 
multispecific antiserum has been raised to this material. The 
principal antigen identified on 2-dimensional immunoelectro-
phoresis is of low molecular weight (15,000). 
Indirect immunofluorescence findings reveal an area of local-
ization ofNIDS antigens throughout the epidermis but concen-
trating in the stratum corneum; the staining pattern is not 
similar to other reported kinds of experimental an tiepidermaJ 
sera. Immunofluorescence studies with skin surface stratum 
corneum indicate that the anti-NIDS protein serum is in part 
directed toward the corneocyte sUliace. 
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